We present well sampled optical (UBV RI) and infrared (JHK) light curves of the nearby (≈18.0 Mpc) Type Ia supernova SN 2001el, from 11 days before to 142 days after the time of B-band maximum. The data represent one of the best sets of optical and infrared photometry ever obtained for a Type Ia supernova. Based on synthetic photometry using optical spectra of SN 2001el and optical and infrared spectra of SN 1999ee, we were able to devise filter corrections for the BV JHK photometry of SN 2001el which to some extent resolve systematic differences between SN 2001el datasets obtained with different telescope/filter/instrument combinations. We also calculated V minus infrared color 5 The National Optical Astronomy Observatories are operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
curves on the basis of a delayed detonation model and showed that the theoretical color curves match the unreddened loci for Type Ia SNe with mid-range decline rates to within 0. m 2. Given the completeness of the light curves and the elimination of filter-oriented systematic errors to some degree, the data presented here will be useful for the construction of photometric templates, especially in the infrared. On the whole the photometric behavior of SN 2001el was quite normal. The second H-band maximum being brighter than the first H-band maximum is in accord with the prediction of Krisciunas et al. (2000) for Type Ia SNe with mid-range decline rates. The photometry exhibits non-zero host extinction, with total A V = 0.57 ± 0.05 mag along the line of sight. NGC 1448, the host of SN 2001el, would be an excellent target for a distance determination using Cepheids.
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Introduction
Type Ia supernovae (SNe) continue to be some of the most important objects of study in extragalactic astronomy. Since the discovery of the luminosity-decline rate relation (Phillips 1993; Phillips et al. 1999 ) and the corresponding relationships between light curve shapes and luminosities-at-maximum (Riess, Press, & Kirshner 1996; Riess et al. 1998; Perlmutter et al. 1997) , Type Ia SNe have been regarded as standardizable candles to be used for calibrating the distances to the host galaxies.
Until recently, the amount of published infrared data of Type Ia SNe was quite small (Elias et al. 1981 (Elias et al. , 1985 Meikle 2000 , and references therein; Krisciunas et al. 2000 Krisciunas et al. , 2001 . Beginning in 1999 two of us (MMP and NBS) began a coordinated effort, using telescopes at Las Campanas and Cerro Tololo, to obtain well-sampled optical and infrared light curves of Type Ia supernovae. The first of these, SN 2000bk, was published by Krisciunas et al. (2001) , including data from Apache Point Observatory.
In addition to the data of SN 2001el presented here, we are finishing up the reduction of the light curves of another dozen objects. This will allow us to characterize better than ever before the infrared light curves of Type Ia SNe and correlate the variations observed at infrared wavelengths with those seen at optical wavelengths. Because interstellar extinction at infrared wavelengths is an order of magnitude less than extinction at optical wavelengths, we expect that we will be able to exploit this fact to obtain intrinsic photometry of Type Ia SNe only minimally affected by interstellar extinction. This will lead to an infrared Hubble diagram for Type Ia SNe free of significant systematic errors incurred from imprecise reddening estimates, and characterized by small random errors. Only with such a foundation for nearby Type Ia SNe can we have confidence in the conclusions drawn from observations of distant SNe, such as evidence for a non-zero cosmological constant (Riess et al. 1998 , Perlmutter et al. 1999 ). ′′ west and 19 ′′ north of the nucleus of the SAcd galaxy NGC 1448, which incidentally was also the host of the Type II SN 1983S. According to the NASA/IPAC Extragalactic Database (NED) the heliocentric velocity of this galaxy is 1164 km s −1 . Based on a spectrum taken with the VLT on 21 September 2001 UT (JD = 2,452,173.5), Sollerman, Leibundgut, & Lundqvist (2001) showed SN 2001el to be a Type Ia SN well before maximum. On this basis we requested that frequent optical and infrared imagery be made with the Yalo-AURA-Lisbon-Ohio (YALO) 1-m telescope at Cerro Tololo. We also obtained optical imagery on five nights with the CTIO 0.9-m telescope. Optical data of Landolt presented here is single-channel photoelectric photometry carried out with the CTIO 1.5-m telescope. Finally, we obtained other infrared imagery with the 1-m Swope telescope at Las Campanas, which was used, along with observations of infrared standards of Persson et al. (1998) to calibrate the JHK magnitudes of the field stars near SN 2001el. Tables 1 and 2 we give optical and infrared photometry of some of these local standards. These were used as secondary standards tied to the optical and infrared standards of Landolt (1992) and Persson et al. (1998) , respectively. This allowed us to calibrate the photometry of the SN on photometric as well as non-photometric nights.
Observations
Photometry reduction of the YALO data was carried out using daophot (Stetson 1987, we use the variable t, measured in days.
1990
) and a set of programs written by one of us (NBS). The photometric techniques were described by Suntzeff et al. (1999) and involve using aperture magnitudes and aperture corrections for the brighter stars, while relying on point spread function (PSF) magnitudes for fainter stars. We used transformation equations of the following form:
(1)
The parameters on the left hand sides are the instrumental magnitudes. On the right hand side of each equation we have the standardized magnitude, a photometric zeropoint, a color term times a standardized color, and an extinction term times the air mass. Given that the color terms are reasonably close to zero, the YALO filters provide a good, but not perfect, match to the filters used by Landolt (1992) and Persson et al. (1998) for the derivation of their standard star networks.
In Table 3 we present UBV RI photometry of SN 2001el. A majority of the data is from YALO, calibrated using the secondary standards from Table 1. Landolt's data are tied directly to the Landolt (1992) standards, i.e. without using the secondary standards. The internal errors of the Landolt data are as small as several millimags. His data were taken when the SN was getting monotonically fainter, and the data bear this out on those four nights when he measured the SN on more than one occasion. For our field star number 1 Landolt obtained mean values of V, B−V, V −R, and V −I which are +0.003, +0.002, −0.005, and −0.009 mag different, respectively, than the values obtained from CCD photometry with YALO. Thus, photometry of stars carried out with the CTIO 1.5-m and YALO telescopes is in excellent agreement.
We note that Landolt's measurements of SN 2001el are aperture photometry using a 14 arcsec diameter aperture. His sky readings were taken 15 arcsec to the north of supernova. Table 3 include these corrections.
There were four nights when Landolt observed SN 2001el when it was also observed with YALO. In the sense "YALO minus Landolt" the B-band data show a difference of +0.
m 037. For other bands ∆V = −0. m 025, ∆R = −0. m 009, and ∆I = −0. m 064. V -band data obtained with the CTIO 0.9-m telescope by Arenas is up to 0.067 mag fainter at the time of maximum light than corresponding YALO data. Suntzeff (2000) notes that one observes sizable and repeatable systematic differences for the B − V colors of Type Ia SNe measured with different telescopes. In the cases of SNe 1998bu and 1999ee observed with the YALO and CTIO 0.9-m telescopes, one finds that YALO colors are 0.
m 03 redder at maximum and 0. m 12 in the tail of the color curve, as shown in Fig. 2 . Obviously, if we try to derive a B − V color excess from late-time photometry, we must identify and correct systematic differences in the photometry that are as large as shown in Fig. 2 .
To account for possible systematic errors in our photometry of SN 2001el we investigated the method of computing filter corrections described by Stritzinger et al. (2002) . In the end these authors chose not to apply their derived filter corrections, describing the whole exercise as "somewhat disappointing."
8 By contrast, we were quite encouraged by similar efforts for SN 2001el. In particular, our corrections to the B and V magnitudes not only tighten up the light curves in those filters, but they solve the problem of the B − V colors being too red in the tail of the color curve. Also, our JHK light curves are improved. Still, should the reader disagree with our application of the filter corrections, we present the data in this paper in multiple tables: two for uncorrected photometry, and two for corrections.
The determination of filter corrections involves at minimum the dot product (i.e. multiplying together) of filter transmission functions, quantum efficiency as a function of wavelength, and an atmospheric transmission profile. The zeropoints are first fixed with Vega (see Appendix A), then one determines synthetic broad-band magnitudes using spectra of spectrophotometric standards (Hamuy et al. 1992 (Hamuy et al. , 1994 . This allows one to derive color terms based on the synthetic photometry. In order for the synthetic color terms to match the color terms derived from actual broad band photometry within 0.
m 01 mag −1 , we found, as did Stritzinger et al. (2002) , that we had to shift the optical filter profiles by as much as 100Å to match the synthetic color terms with the actual observed ones.
9 In Appendix B we give the filter shifts used for the optical photometry.
We took as our filter references the BV RI profiles of Bessell (1990) , corrected for wavelength (i.e. divided by λ). In Fig. 3 we show the derived magnitude corrections for B-band photometry of SNe 1999ee and 2001el. In Fig. 4 we show the analogous filter corrections for the V -band. These corrections were obtained using spectra of SN 1999ee from Hamuy et al. (2002) , while some spectra of SN 2001el are discussed by Wang et al. (2002) .
10 Six HST spectra were also kindly made available to us by P. Nugent. These range from 2947 to 10238Å, thus covering the UBV RI passbands, and were taken from 29.5 ≤ t ≤ 65.3 d.
We find that for the CTIO 1.5-m telescope with the filters used by Landolt the B-band filter corrections are essentially the same for SN 1999ee and 2001el. The situation is not too bad for the CTIO 0.9-m telescope, but for YALO the B-band corrections are not as well behaved, indicating that the filter corrections can be telescope and object dependent. For example, features at the blue end of the B-band are included more or less with different B filters, and these features are different in the spectra SN 1999ee and 2001el. As a check on our method, filter corrections based on spectra by Wang et al. (2002) and HST (Nugent, private communication) give very consistent corrections at t ≈ 40 d for the YALO B-band filter. In the case of the V -band (see Fig. 4 ), the corrections are better behaved and seem to be telescope dependent, i.e. more independent of the object under study.
In Table 4 we give the B-band and V -band corrections to the photometry tabulated in Table 3 . These corrections would place the measurements obtained with three different telescopes and filter sets on the Bessell (1990) system. The consistency of the photometry obtained on different telescope is improved. With the corrections, ∆B = +0.
m 020 and ∆V = −0.
m 002, with "∆" in the sense "YALO minus Landolt". As we show below, the late time YALO B − V colors give an estimate of the reddening which is in agreement with other estimates of the reddening, but only if we take into account the systematic differences of the filters.
The R-band photometry given in Table 3 (i.e. YALO vs. Landolt) is consistent at the 0.
m 01 mag level, on average. Under the assumption that the spectra of SNe 1999ee and 2001el are the same at t = 16 d, the application of R-band filter corrections would make the Landolt and YALO R-band photometry differ by as much as 0. m 04. We do not have spectra of SN 2001el covering the R and I-bands at this epoch, and the photometry is not crying out for corrections to be made.
There is a systematic difference of I-band photometry in Table 3 at the 0. m 06 level. The application of filter corrections based on spectra of SN 1999ee would pull the data further apart by an additional 0. m 10 mag or more. Thus, while the SN 2001el data in Table  3 motivates us to apply I-band filter corrections, corrections based on spectra of a different object make the systematic differences worse, not better.
In the case of the R-and I-bands, we also suspect some unquantified effect of the YALO dichroic on the photometry. While we are satisfied with the B-and V -band corrections, we feel it unwise to apply corrections to the R-and I-band data. Table 4 applied to the B and V data given in Table 3 .
The most interesting result of the application of the filter corrections is that by t = 40 d we have reproduced a correction (with respect to Bessell filter functions) of ≈0. m 1 to the YALO B − V colors (see Fig. 10 below) , almost exactly what was found for SNe 1998bu and 1999ee using YALO and CTIO 0.9-m photometry.
In Table 5 we give near-infrared photometry of SN 2001el obtained with the YALO and LCO 1-m telescopes. The near-infrared data were calibrated using our "best" IR secondary standard, star 6, which was tied to the system of Persson et al. (1998) from observations on five photometric nights.
11 We note that the LCO observations and Persson's system of standards rely on different J-and K-band filters than the broader-band filters used at YALO. At LCO one uses a "J short " and "K short " filter. These are the very filters and telescope used to establish the system of Persson et al. (1998) , and by definition the color terms are zero.
The YALO data are systematically fainter than the LCO 1-m data by roughly 0.1 mag at t = 20 d in the J-and H-bands, and also by 0.1 mag or more in J beyond t = 55 d, while there appear to be no significant differences in the K-band data. Can synthetic photometry confirm that the YALO data are expected to be different at certain epochs for J and H, while the K-band data need little correction beyond t = 20 d? To test this, we constructed effective transmission profiles using the raw filter profiles, an atmospheric transmission profile, quantum efficiency, and multiple applications of reflection and window transmission in the optical paths. Then, using spectra of Vega, Sirius, and the Sun (see Appendix A), we found that the synthetic infrared color terms for the YALO telescope match observed ones to better than 0.
m 01 mag −1 . This required no arbitrary shifting of the filter transmission profiles.
In Fig. 6 we show the derived photometric corrections to YALO data, based on spectra of SN 1999ee, which would have to be added to YALO data to make them agree with photometry obtained with the LCO 1-m. Under the assumption that these corrections are applicable to SN 2001el, we give in Table 6 a set of corrections to YALO IR photometry. We assume that the J-and H-band corrections at t = 43 d are appropriate until t = 64 d. Obviously, the two assumptions just made may be somewhat dubious. But consider the IR light curves of SN 2001el shown in Fig. 7 . By application of the corrections in Table 6 , we find that the J-and H-band data are in agreement within the internal errors now that corrections up to 0.13 mag have been made. Since the corrections based on spectra of an actual Type Ia SN are about the right size and are to be made in the right direction, we feel confident that an application of these corrections is fully warranted for the IR data. Thus, for the rest of this paper we include these corrections, and all analysis based on IR data uses the corrected YALO data.
One curious thing about the H-band light curve is that SN 2001el was brighter at the time of the second maximum (H = 12.97 at t = +22.2 d) than at the time of the first maximum (H = 13.08 at t = −4.7 d). This is in agreement with the prediction of Krisciunas et al. (2000, Fig. 13 ; Table 11 ) for Type Ia SNe with mid-range decline rates. Table 7 gives the maximum apparent UBV RIJHK magnitudes and the respective times of maximum for SN 2001el. Note that within the uncertainties the time of maximum light in the I, J, H, and K bands was the same, about 4.0 days before T(B max ). This is apparent visually by an inspection of Fig. 8 , which also shows how the secondary hump or shoulder in the light curve varies as a function of filter from V through K.
To compare SN 2001el with other supernovae, we show in Fig. 9 a stack of H-band light curves ordered by the decline rate parameter ∆m 15 (B). Given the number of nights of SN 2001el photometry and the minimal gaps in the dataset, it is clear that the data presented here are of high quality. Just as in the I-band, most Type Ia SNe exhibit a secondary hump in H. However, the objects with the lowest values of ∆m 15 (B) seem to exhibit rather flat light curves in the H-band for the first 40 days after T(B max ). Unlike I-band light curves, however, Type Ia SNe with large B-band decline rates (e.g. SN 2000bk) do not monotonically decline after the time of maximum light.
Discussion

Optical Light Curves
The uncertainties given in Table 3 should be considered minimum values of the internal errors (i.e. essentially based on photon statistics and the uncertainties of the zero points and color corrections). A more honest measure of the internal errors can be obtained from higher order polynomical fits to the light curves, filter by filter, under the assumption that the supernova's light varied smoothly with time. On this basis we believe that the uncertainties of the U-band magnitudes in Table 3 are sensible as given. For B, V , R, and I, respectively, we estimate that the internal errors are ± 0.016, 0.025, 0.029, and 0.047 mag, where the B and V data include the filter corrections of Table 4 .
According to Phillips et al. (1999) a typical Type Ia SN has a B-band decline rate ∆m 15 (B) = 1.1 mag. This parameter varies roughly from 0.75 (SN 1999aa; Krisciunas et al. 2000 ) to 1.94 mag (SN 1999da; Krisciunas et al. 2001) . SN 2001el has ∆m 15 (B) = 1.13 ± 0.04 mag and is thus a mid-range decliner.
One of the characteristic features of the light curves of Type Ia SNe is the secondary hump observed in the IJHK bands. To a lesser extent this can be seen as a "shoulder" in the R-band, and sometimes even in the V -band light curves. Krisciunas et al. (2001, Fig. 17 ) took various well sampled I-band light curves, fitted polynomials to the data between 20 and 40 days after T(B max ), using the flux at I-band maximum as the reference, and showed that an integration of the I-band flux over this range correlated quite well with the B-band decline rate. If we let X = I 20−40 , we find that
with a typical rms residual of ±0.093 mag in ∆m 15 (B).
Since the B-band decline rate is correlated with the intrinsic luminosity at maximum of Type Ia SNe, therefore, this relationship implies that the strength of the I-band secondary hump is also correlated with the intrinsic luminosity. We note two exceptions to Eqn. 8 above. SN 1992bc had a much weaker I-band secondary hump than expected on the basis of its B-band decline rate, and SN 1994M had a much stronger I-band secondary hump. SN 2001el had a mean flux over the time span 20 < t < 40 d of 0.594 ± 0.04 with respect to the I-band maximum. On the basis of its B-band decline rate, we would have predicted I 20−40 = 0.530. Thus, it has a slightly stronger than "normal" I-band secondary hump, but well within the uncertainty of the relationship given above.
Spectra
Regarding the spectrum of SN 2001el, Sollerman et al. (2001) note that the 612 nm Si II absorption line appeared flat-bottomed. Interstellar absorption lines of Ca H and K, and the D lines of Na I were observed at the redshift of NGC 1448. Wang et al. (2001) describe spectropolarimetry of SN 2001el on 26 Sept 2001 UT (JD = 2,452,178.5; t = −4.0 d), finding that SN 2001el had a normal spectrum similar to that of SN 1994D except for a strong double-troughed absorption feature around 800.0 nm. The absorption dips of Si II (635.5, 564.0 nm) and Fe II (492.4, 516.9 nm) all showed velocities of about 10,000 km s −1 . Ca II lines (the "infrared triplet") were present in the spectrum at a velocity comparable to that of the Si II 635.5-nm feature but were much weaker than an absorption feature at 800.0 nm. It is possible that the 800-nm feature was a second component of high-velocity Ca II, as suggested by Hatano et al. (1999) to explain a similar (but much weaker) feature in SN 1994D; if this identification is correct, then this Ca II feature was due to a detached shell/clump with a relative velocity of roughly 23,000 km s −1 . Wang et al. (2002) also obtained spectropolarimtery of SN 2001el on 1, 10, 18 October and 9 November 2001 UT. Their data indicate, among other things, that the value of R V ≡ A V / E(B − V ) = 2.88 ± 0.15, somewhat less than the standard Galactic value of 3.10 (Sneden et al. 1978; Rieke & Lebofsky 1985) . From their spectra the interstellar Na I line has an equivalent width of 0.47Å. From Fig. 4 of Barbon et al. (1990) this corresponds to a color excess E(B − V ) ≈ 0. m 12. However, the uncertainty of this number is greater than or equal to 0. m 10. We believe that the most accurate estimate of E(B − V ) is obtained from a combination of optical and infrared photometry (see below).
The HST spectra provided by Nugent for purposes of determining filter corrections and comparing synthetic photometry to our data were obtained on 29 October, 6, 13, 20, 26 November, and 4 December 2001 UT. These spectra will be discussed in a subsequent paper.
Reddening and Implied Extinction
From an analysis of SNe 1992A, 1992bc, 1992bo, and 1994D Lira (1995 found a uniform color evolution for unreddened B − V colors of Type Ia SNe from 30 to 90 days after V -band maximum. Phillips et al. (1999) used Lira's relation to get an estimate of the color excess for the tail of the B − V colors of the SNe they analyzed. A majority of SNe analyzed by Jha (2002, §4.2.3) show that the Lira relation works very well to describe the late time B − V color evolution of unreddened Type Ia SNe. In Fig. 10 we show the B − V colors of SN 2001el, with and without the filter corrections given in Table 4 . Given that the Lira relation was based on observations with the CTIO 0.9-m telescope, we clearly want to correct the YALO data to the CTIO 0.9-m system so as to derive E(B − V ) tail (see below) using the same zeropoint for the Lira relation.
In Table 8 we give the color excesses for SN 2001el based on a variety of indices. Following the analysis of Phillips et al. (1999) , we give the B − V color excess as implied from the photometry at maximum light, the V − I color excess at maximum, and the B − V color excess from the photometry for t > 32 d. The three estimates of A V that result are in reasonable agreement, but only if we correct the B − V colors for filter differences. A weighted B − V color excess is E(B − V ) avg = 0.206 ± 0.046 mag for the host galaxy reddening. The small contribution of Galactic dust reddening is E(B − V ) = 0.014 mag (Schlegel et al. 1998) , indicating a small Galactic contribution to A V amounting to 0.043 mag. Adopting R V = 2.88 ± 0.15 from Wang et al. (2002) for the host galaxy, the estimated total extinction based on optical photometry alone is A V = 0.64 ± 0.14 mag.
As is well known, interstellar extinction in the near-infrared is an order of magnitude lower than in the V -band. If there exists a color index such as V −K which is "well behaved" for some range of decline rates of Type Ia SNe, then a V − K color excess, for example, is almost a direct measure of the V -band extinction. We shall adopt Rieke & Lebofsky's (1985) values of A λ / A V = 0.282, 0.175, and 0.112 for the J-, H-, and K-bands, respectively, and assign an uncertainty of 20 percent to each ratio. It follows that A V = (1.393 ± 0.110) E(V − J) = (1.212 ± 0.052) E(V − H) = (1.126 ± 0.028) E(V − K). In other words, if we can estimate a color excess in V − K, A V numerically is only 10 to 15 percent greater than that color excess. Krisciunas et al. (2000 Krisciunas et al. ( , 2001 showed that over a range of decline rates (0.87 < ∆m 15 (B) < 1.28) Type Ia SNe exhibit uniform V minus near-IR color curves from −9 ≤ t ≤ +27 d. V − K colors were particularly well behaved, and over the widest range of decline rates. However, on the basis of a small number of data points per object they could not justify fitting the V − H or V − K colors by anything more sophisticated than two straight lines. The V − J colors were fitted with a second order curve for −9 ≤ t ≤ +9.5 d, while a linear fit was used for +9.5 ≤ t ≤ +27 d.
From the well sampled V minus near-IR color curves of SNe 1999ac and 2001el we now know that there is no abrupt change of the color evolution one week after T(B max ). Thus we feel justified in fitting a higher order curve to the data of eight mid-range decliners studied by Krisciunas et al. (2000) to give more realistic unreddened color loci.
In Fig. 11 we show the V minus near-IR colors of SN 2001el, along with loci derived from SNe 1972E, 1980N, 1983R, 1999cp, 1981B, 1981D, 1998bu, and 1999cl, adjusted In Table 8 we also give the color excesses and values of A V derived from V JHK photometry. Within the errors these estimates of A V are in agreement with the value derived from optical photometry alone. The weighted mean from the V minus near-IR colors and E(B − V ) avg is A V = 0.57 ± 0.05 mag.
12 The use of optical and infrared data results in a smaller statistical uncertainty for the extinction. Though the filter corrections adopted for the BV JHK photometry are only approximate (±0.02 mag), we feel that the consistency of the various estimates of A V is facilitated by the adoption of the filter corrections. While the calculation of such corrections is time consuming because of its iterative nature, this extra work will likely become a standard part of the production of high quality SN light curves.
Theoretical V minus IR Color Curves
Model calculations for the explosion, light curves and spectra of typical Type Ia SNe indicate that there exists a physical basis for well behaved optical versus infrared color relationships (Höflich 1995 , Wheeler et al. 1998 ). What we see as a supernova event is the light emitted from a rapidly expanding envelope. Due to the increasing geometrical dilution, deeper layers of the envelope become exposed with time. Until about maximum light, the spectra are formed in the regions which have undergone incomplete Si-burning. During this period both the fluxes in the V -the K-bands are mainly determined by the free-free/bound-free opacities and Thomson scattering and the source functions, i.e. the temperature evolution at the photosphere which is rather insensitive to the total luminosity because of the steep dependence of the opacity on the temperature (Höflich et al. 1993) .
Starting a few days before maximum light, the V -band flux reflects the evolution of the luminosity. Around the same time, the Fe/Ni core becomes exposed, and broad emission features due to iron group elements occur in the H− and K-bands (Wheeler et al. 1998) which determine the flux. They are in emission because the IR source functions are close to thermal and the optical depth is large, i.e. they are formed well above the photosphere close to the outer edge of the Fe/Ni core. With time, the optical photosphere receeds in mass. Thus, the emission features in the K-band increase in strength while the V -band flux decreases, leading to V − K colors that get redder for some time. Once the SNe enter the nebular stage there should be spread in V − K color curves for different objects, even if they have the same decline rate. The V − K color curve should be reasonably model-independent (i.e. whether the explosion is due to deflagration or a delayed detonation should not matter significantly) because, virtually, the entire K-band is dominated by the iron feature.
The V − J and V − H color curves would not be as well behaved because the J-and H-bands cover spectral regions which are effected both by the IR-emission features and the continua. The fractional contribution depends on the Doppler shift of the chemical layers and, thus, it depends on the details of the nuclear burning. Note that for very subluminous Type Ia SNe (e.g. SN1999by), the V − K evolution after maximum light is delayed because the Fe/Ni core is explosed only two weeks after maximum (Höflich et al. 2002) .
In Fig. 12 we show the V − H and V − K color curves for a delayed detonation model of a "Branch-normal" Type Ia SN (model 5p028z22.23 of Höflich et al. 2002) . To derive synthetic magnitudes we used the V -band filter profile of Bessell (1990) and the H and K short filter profiles of Persson et al. (1998) , along with appropriate quantum efficiency and atmospheric transmission functions. The fluxes were normalized to the spectra of Vega given by Castelli & Kurucz (1994) and assumed V − H and V − K = 0.00. For comparison we show the unreddened loci based on the 8 SNe studied by Krisciunas et al. (2000) . The color indices are well reproduced within the model uncertainties of ≈ 0. m 2 to 0. m 3. We note that our delayed detonation model gives t(V max ) −t(B max ) = 1.1 d, which is smaller than the nominal value 1.7 to 2.0 d. A shift of the theoretical V minus infrared color curves by ±1 d is within the uncertainties. Likewise, from data on any given SN, the time of B-band maximum is rarely known to better than ±0.5 d, so the observed colors can be shifted in the time direction as well.
The colors have been calculated by our spherical NLTE light curve code which uses about 500 depths, 3000 frequency points and 50 NLTE-superlevels. A comparison with detailed NLTE-spectral calculations shows that the reduction of atomic levels and frequencies produces uncertainties of ≈ 0. m 2 to 0. m 3 in H and K. However, the small number of frequencies is responsible for the failure to properly reproduce V − J, especially after the time of B-band maximum when the flux varies strongly within the J band (a factor of ≈ 10; Wheeler et al. 1998) . As a result, we do not show our theoretical V − J curve.
Distance
NGC 1448, the host of SN 2001el, has not been the target of study for determining its distance via surface brightness fluctuations (SBF) or Cepheids. Since it is a spiral galaxy inclined to the line of sight, one can derive a Tully-Fisher (TF) distance to it. Mathewson & Ford (1996) give the following parameters: velocity width V 20 = 208 km s −1 , inclination angle i = 88 o , integrated extinction-corrected I-band magnitude 9.44. Using the I-band Tully-Fisher calibration of Sakai et al. (2000) , W 20 = 2 V 20 , and a slight correction for the inclination angle of the galaxy and its redshift, we find W C 20 = 414.6 km s −1 . It follows that the absolute I-band magnitude of NGC 1448 M I = −22.21 and the distance modulus is 31.65 mag. Giovanelli et al. (1997) indicate that the uncertainty of a single TF distance is roughly ± 0.35 mag. The TF distance of NGC 1448 is therefore 21.4
We note that H-band and K-band light curves of many Type Ia SNe are reasonably flat at t ≈ +10 d. We assume, then, that this is a "well behaved" part of the light curves. The J-band light curves, by contrast, exhibit rapidly changing flux at this epoch.
In Fig. 13 we show the absolute magnitudes at BV I maximum light and absolute Hband magnitudes at t = +10 d versus the decline rate parameter ∆m 15 (B). Some of the data shown are derived using Cepheid distances to host galaxies, surface brightness fluctuations, the planetary nebular luminosity function method, or the "tip of the red giant branch" method, assuming the Cepheid distance scale adopted by Freedman et al. (2001) . Other data for galaxies in the Hubble flow (i.e. with redshifts greater than 3000 km s −1 ) are derived assuming H 0 = 74 km s −1 Mpc −1 . In all four bands the absolute magnitude is reasonably constant for 0.87 < ∆m 15 (B) < 1.30. For 9 SNe which satisfy this criterion we find a weighted mean H-band absolute magnitude at t = +10 d of M H (t=10) = −17.91 ± 0.05.
From an interpolation of the corrected YALO data for SN 2001el we estimate that at t = +10 d H = 13.228 ± 0.04. Adopting an extinction of A H = 0.10 mag and the absolute magnitude just given, we obtain a distance modulus of 31.04 mag with an uncertainty of ± 0.14. The corresponding distance is 16.1 ± 1.1 Mpc.
Using the method of Phillips et al. (1999) , the BV I optical photometry gives a distance modulus of m−M = 31.29 ± 0.08 mag. This is on the Cepheid distance scale adopted by Freedman et al. (2001) . The corresponding distance is 17.9 ± 0.8 Mpc.
With a distance somewhere in the range 16.1 to 21.4 Mpc, NGC 1448 is clearly near enough for a determination of its distance via Cepheids.
Conclusions
Perhaps the most significant finding of this paper is that we were able to calculate corrections to BV and infrared photometry, based on synthetic photometry, but using spectra of actual supernovae, that to some extent eliminated systematic differences in the data obtained on different telescopes with different physical detectors and filters. Under the assumption that the infrared spectrum of SN 2001el was like that of SN 1999ee, and that it evolved similarly with time, we derived corrections to YALO IR photometry which had the right size and were to be applied in the right direction to bring the YALO data fully onto the system of Persson et al. (1998) , and in agreement with the data taken with the LCO 1-m telescope. Though it is known that the spectrum of a SN is not like that of a star, especially once the SN enters the nebular phase (t 30 d), such corrections have been ignored in the past because we simply did not have enough spectra and photometry to confirm to what degree synthetic photometry gives the right results. Clearly, not all optical response functions are well-known. Further information (e.g. the effect of the YALO dichroic on the optical transmission) is needed to make analogous corrections to the RI data.
Another significant result of this paper is the excellent agreement between theoretical V −H and V −K color curves with the unreddened loci based on 8 SNe studied by Krisciunas et al. (2000) . This gives us further confidence that there exist "uniform" color curves for Type Ia SNe with mid-range decline rates, which can be used to derive accurate values of the total extinction suffered by the light of such objects. A comparison of theoretical color curves with observational data, covering the full range of decline rates of Type Ia SNe, is beyond the scope of the present paper.
Given the importance of SNe in modern cosmological studies, it is worth our while to investigate the uniformity of behavior of as many nearby SNe as we can. Though the light curves of SN 2001el are quite normal, we note that the observed B − V color 3 to 4 days before T(B max ) was slightly negative. Given the extinction along the line of sight, the color excess E(B − V ) must be about 0. m 20. Thus, the dereddened color shortly before T(B max ) was B − V ≈ −0.22, which is extremely blue. The second H-band maximum at t = +22.2 d was 0.1 mag brighter than the first H-band maximum at t = −4.7 d. This is consistent with a prediction of Krisciunas et al. (2000) based on an analysis of other Type Ia SNe with mid-range decline rates, but not all H-band light curves of mid-range decliners show this.
On the basis of the optical and IR photometry we derive A V = 0.57 ± 0.05 mag. Given the small formal uncertainty in A V , we can state that the uncertainty in the distance estimate to SN 2001el and its host is not due to the extinction along the line of sight. Given the attention we have paid to possible sources of systematic error in the UBV RIJHK photometry and the good coverage of the light curve, we hope that photometry of SN 2001el can serve as a template for studies of other Type Ia SNe.
With a distance in the range 16.1 to 21.4 Mpc, the host galaxy of SN 2001el is close enough for its distance to be determined by means of Cepheids. Given the small number of nearby galaxies which have hosted SNe and also had their distances determined via Cepheids, we suggest that NGC 1448 be a future target for such observations with HST.
It is worth (re-)stating that (for the forseeable future) high redshift SNe will only be observed in rest frame optical bands, because we do not yet have infrared detectors sensitive enough, even with an 8-m class telescope, to detect these objects in the rest frame IR bands. This is unfortunate, as it is becoming increasingly clear that a combination of optical and infrared photometry of Type Ia SNe allows us to get a better handle on the host extinction suffered by these objects. Since the advocacy of a non-zero cosmological constant based on supernova studies hinges on the systematic faintness of objects in the redshift range 0.2 < z < 0.8, we want to minimize as well as possible the effect of systematic errors in distances to these most important cosmological beacons.
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A. Spectra for Synthetic Photomery
The near-infrared photometry required an estimate of the theoretical color terms for the various natural systems. There is no grid of spectrophotometric standards in the nearinfrared comparable to what is available in the optical. As a simple guide to color terms, we have chosen to use synthetic photometry based on the Sun, Vega, and Sirius. This color range generally encompasses the photometric standards (Persson et al. 1998 ) used in our study. All spectrophotometric data were convolved 2Å and sampled it at 1Å per pixel. The spectrophotometric models did not include atmospheric absorption. Rather, we added the telluric absorption to the tranmissions functions used to calculate the synthetic photometry. The adopted photometry was taken from the discussion in .
A.1. The Sun
The solar spectrophotometry is a combination of observed solar fluxes and models. We chose the solar model from the Kurucz website (see also Fontenla et al. 1999 ) as (T ef f , log g, v micro , mixing length/scale height) = (5777 K, 4.438, 1.5 km s −1 , 1.25). The Kurucz model reproduces the Kitt Peak Solar Flux Atlas (Kurucz et al. 1984 ). In the near-infrared, we have inserted the Livingston & Wallace (1991) observed spectra, which were scaled to the continuum of the Kurucz model.
A.2. Vega
The Vega spectrophotometry is a combination of empirical data and model data. The fundamental flux calibration in the optical comes from Hayes (1970 Hayes ( , 1985 , Oke & Schild (1970), and Tüg (1980) . We have adopted the model "veg090250000p.asc5" from the website of Kurucz. This model corresponds to the physical parameters (T ef f , log g, [M/H], v micro , v macro ) = (9550 K, 3.950, −0.5, 2 km s −1 , 0 km s −1 ) which is the model adopted by . This model was then scaled from the calculated Eddington fluxes corrected to an angular size 3.24 ± 0.07 mas (Code et al. 1976 ).
We then compared this scaled model to the Hayes (1985) fluxes of Vega in the wavelength region 4000-8000Å and found that the model needed to be scaled to 3.26 mas, in agreement with the conclusions of . At the extremes of the measured data the models did not fit well. We needed to scale the model by 0.972 at 3300Å and 1.009 at 10500Å to fit the Hayes points.
The final semi-empirical spectrophotometric model of Vega was created by using the Hayes (1985) points from 3300-10500Å, the Kurucz model scaled by 0.972 below 3300Å, and the Kurucz model scaled by 1.009 above 10500Å. A more complete discussion of the range in models of Vega can be found in Cohen et al. (1999) and .
A.3. Sirius
For Sirius we have adopted the model"sir.ascsq5" from the Kurucz website which was run with the physical parameters (T ef f , log g, [M/H], v micro ) = (9850 K, 4.30, +0.4, 0 km s −1 ). This is very similar to the model used by Cohen et al. (1999) . We scaled the model from the Eddington fluxes to observed fluxes assuming an angular diameter of 5.89 mas (Code et al. 1976) . It was found, however, that this did not reproduce the observed V mag of Sirius from Ian Glass as quoted in . The final fluxes were scaled by 1.049 to force V = −1.43.
B. Filter Shifts for Synthetic Photometry
Synthetic photometry uses spectra of spectrophotometric standards, filter and atmospheric transmission curves to derive broad band magnitudes of the standards. These should give photometric color terms that match the color terms derived from actual photometry of stars. However, we find that the filter profiles must be shifted in order to match the synthetic color terms with the observed values. In Table 9 we give the filter shifts adopted to place optical photometry on the Bessell (1990) system. We found that no shifts needed to be applied for the infrared photometry (YALO versus LCO 1-m).
We note that the R-band filter used by Stritzinger et al. (2002) for their YALO ob-servations was a very wide non-standard filter. Our observations were made with a much narrower, more standard filter.
We also note that Stritzinger et al. (2002) found a filter shift of only 10Å for the YALO I-band filter, compared to our value of 100Å. Their color terms for YALO photometry were based on the photometric sequence of SN 1999ee, rather than Landolt standards, as were ours, and their I-band color term has a size half as large as ours. Our filter shift would be comparable to theirs for identical color terms.
As stated above, since the YALO and Landolt R-band agree, on average, at the 0. m 01 level, there is no great motivation to apply R-band filter corrections to our data. If we did so, it would produce systematic differences at the 0. m 04 level. We do have a motivation to resolve systematic differences in I-band photometry, but we do not have spectra of SN 2001el at the appropriate epochs to make these corrections directly. Assuming that the spectra of SNe 1999ee and 2001el are the same in the I-band would give us filter corrections that would make the photometry nearly 0.
m 20 different (YALO vs. Landolt) at t = 16 d. We suspect that a significant unknown is the effect of the YALO dichroic on the actual R-and I-band filter functions. (2000) δ ( a Based on 5 nights of J-band calibration with the LCO 1-m telescope, 4 nights in H, and 2 nights in K.
b The identifications are the same as those in Table 1 and Fig. 1 .
-24 - The following corrections are to be added to the data in Table 3 to correct them to the filter system of Bessell (1990) . Values in square brackets are less certain; we have assumed that the YALO B-band filter corrections are represented by a flat function at the start. t is the number of days since the time of B-band maximum, JD 2,452,182.5.
b YALO = 1; CTIO 0.9-m = 2, CTIO 1.5-m = 3. a All values are measured in magnitudes. Values in parentheses are 1-σ uncertainties. We adopt R V ≡ A V / E(B−V ) = 2.88 ± 0.15 (Wang et al. 2002) for the host galaxy. We also adopt E(B − V ) = 0.8 E(V − I). 
SN 1998bu
Fig . 2. -B − V colors of SNe 1998bu and 1999ee, as observed with the CTIO 0.9-m and YALO telescopes. Due to differences in the filter transmission curves, late-time B − V colors derived from YALO data are roughly 0.12 mag redder. Fig. 3 .-Based on synthetic photometry using Bessell (1990) , YALO, CTIO 0.9-m, and CTIO 1.5-m filter functions, we show B-band corrections to YALO and CTIO data to place photometry of SNe 1999ee and 2001el on the Bessell system. The time of B-band maximum is JD 2,451,469.1 for SN 1999ee (Stritzinger et al. 2002) and 2,452,182.5 for SN 2001el. We used spectra of SN 1999ee given by Hamuy et al. (2002) , and spectra of SN 2001el by Wang et al. (2002) and Nugent (private communication). The filter corrections for SN 1999ee are connected by lines, telescope by telescope, to guide the eye. We have corrected the B-band and V -band data to the filter system of Bessell (1990) using the values in Table 4 . On the whole the internal errors are smaller than the size of the points. The U, B, R, and I data have been offset vertically by +2, +1, −1, and −2, magnitudes, respectively. The Landolt data are plotted as nightly means. Data from JD 2,452,289 and 2,452,324 are off the right edge of the plot. Fig. 6 .-Corrections to YALO infrared photometry, based on spectra of SN 1999ee (Hamuy et al. 2002) , to place the YALO data on the system of Persson et al. (1998) . Solid line = J; dashed line = H; dotted line = K. The YALO data include the corrections given in Table 6 . (Frogel et al. 1987) . Table 4 . The solid line is the zero reddening line of Lira (1995) adjusted to the time of V -band maximum given in Table 7 . Table 3 , corrected by the values in Table 4 , and the JHK data in Table 5 , with the YALO data corrected according the values in Table 6 . The V−K data have been offset by +1 mag, while the V − J data have been offset by −1 mag. The solid lines are based on the fourth order polynomial fits to data of eight Type Ia SNe studied by Krisciunas et al. (2000) which have mid-range B-band decline rates. The loci are adjusted in the ordinate direction to minimize the reduced χ 2 of the fits. (Höflich et al. 2002) . The abscissa is the number of days since B-band maximum. Model uncertainties allow the theoretical curves to be shifted ±1 d in the x-direction. V − H loci are blue lines while V − K loci are red. Also shown (as dotted lines) are the unreddened loci based on 8 mid-range decliners studied by Krisciunas et al. (2000) . Given the 0. m 2 to 0. m 3 accuracy of the infrared models, the agreement between theory and observation is better than expected. For the H-band the absolute magnitudes correspond to 10 days after the time of B max . The solid points were derived using distances from Cepheids or other direct measures of the distance to the host galaxy such as surface brightness fluctuations, the planetary nebulae luminosity function, or using the "tip of the red giant branch method". Open triangles correspond to points derived using a Hubble constant of 74 km s −1 Mpc −1 ; these objects are sufficiently distant to be in the Hubble flow. The right-most point in the bottom panel corresponds to SN 1986G, which was highly reddened and whose distance is subject to some uncertainty.
